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CHAPTERS
SUBPART E
GROUND-WATER MONITORING
AND CORRECTIVE ACTION

51 INTRODUCTION

The Ciriteria establish ground-water monitoring and corrective action requirements for all existing
and new MSWLF units and lateral expansions of existing units except where the Director of an
approved State suspends the requirements because there is no potential for migration of leachate
constituents from the unit to the uppermost aquifer. The Criteria include requirements for the
location, design, and ingtalation of ground-water monitoring systems and set standards for ground-
water sampling and analysis. They aso provide specific statistical methods and decision criteria for
identifying a significant change in ground-water quality. If asignificant change in ground-water
quality occurs, the Criteria require an assessment of the nature and extent of contamination followed
by an evaluation and implementation of remedial measures.

Portions of this chapter are based on a draft technical document developed for EPA's hazardous
waste program. This document, "RCRA Ground-Water Monitoring: Draft Technical Guidance'
(EPA/530-R-93-001), is undergoing internal review, and may change. EPA chose to incorporate
the information from the draft document into this chapter because the draft contained the most
recent information available.

5.2 APPLICABILITY active life of the unit and the post-closure
40 CFR 8258.50 (a) & (b) care period. Thisdemonstration must be
certified by a qualified ground-water
5.2.1 Statement of Regulation scientist and approved by the Director of
an approved State, and must be based
(8) Therequirementsin thisPart apply to upon:
MSWLF units, except as provided in
paragraph (b) of this section. D Site-specific  field collected
measur ements, sampling, and analysis of
(b) Ground-water monitoring physical, chemical, and biological processes
requirements under 825851 through affecting contaminant fate and transport,
§258.55 of this Part may be suspended by and
the Director of an approved State for a
MSWLF unit if the owner or operator can (2) Contaminant fate and transport
demonstrate that thereis no potential for predictions that maximize contaminant
migration of hazardous constituents from migration and consider impacts on human
that MSWLF unit to the uppermost health and environment.

aquifer (asdefined in §258.2) during the
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Subpart E

5.2.2 Applicability

The ground-water monitoring reguirements
apply to al existing MSWLF units, lateral
expansions of existing units, and new
MSWLF units that recelve waste after
October 9, 1993. The requirements for
ground-water monitoring may be suspended if
the Director of an approved State finds that no
potential exists for migration of hazardous
constituents from the MSWLF unit to the
uppermost aquifer during the active life of the
unit, including closure or post-closure care
periods.

The "no potential for migration” demonstra-
tion must be based upon site-specific informa-
tion relevant to the fate and transport of any
hazardous constituents that may be expected
to be released from the unit. The predictions
of fate and transport must identify the max-
imum anticipated concentrations of constitu-
ents migrating to the uppermost aquifer so
that a protective assessment of the potential
effects to human health and the environment
can be made. A successful demonstration
could exempt the MSWLF unit from
requirements of §8258.51 through 258.55,
which include installation of ground-water
monitoring systems, and sampling and
analysis for both detection and assessment
monitoring constituents.  Preparing No-
Migration Demonstrations for Municipal
Solid Waste Disposal Facilities-Screening
Tool is a guidance document describing a
process owners/ operators can use to prepare
a no-migration demonstration (NMD)
requesting suspension of the ground-water
monitoring requirements.

5.2.3 Technical Considerations

All MSWLF unitsthat receive waste after the
effective date of Part 258 must comply with
the ground-water monitoring requirements.
The Director of an approved State may
exempt an owner/operator from the ground-
water monitoring requirements at

§258.51 through §258.55 if the owner or
operator demonstrates that there is no
potential for hazardous constituent migration
to the uppermost aguifer throughout the
operating, closure, and post-closure care
periods of the unit. Owners and operators of
MSWLFs not located in approved States will
not be eligible for this waiver and will be
required to comply with al ground-water
monitoring requirements. The "no-migration”
demonstration must be certified by a qualified
ground-water scientist and approved by the
Director of an approved State. It must be
based on site-specific field measurements and
sampling and analyses to determine the
physical, chemical, and biological processes
affecting the fate and transport of hazardous
congtituents. The demonstration must be
supported by site-specific data and predictions
of the maximum contaminant migration.
Site-gpecific information must include, at a
minimum, the information necessary to
evaluate or interpret the effects of the
following properties or processes on
contaminant fate and transport:

Physical Properties or Processes:

e Aquifer  Characteristics, including
hydraulic conductivity, hydraulic gradient,
effective porosity, aquifer thickness, de-
gree of saturation, stratigraphy, degree of
fracturing and secondary porosity of soils
and bedrock, aguifer heterogeneity,
ground-water discharge, and ground-water
recharge areas;

o Wadte Characteristics, including quantity,
type, and origin (e.g., commercia,
industrial, or small quantity generators of
unregul ated hazardous wastes);
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e Climatic Conditions, including annual

precipitation, leachate generation
estimates, and effects on leachate
quality;

e Leachate Characteristics, including

leachate composition, solubility, density,
the presence of immiscible constituents,
Eh, and pH; and

e Engineered Controls, including liners,
cover systems, and aquifer controls (e.g.,
lowering the water table). These should
be evaluated under design and failure
conditions to estimate their long-term
residual performance.

Chemical Properties or Processes.

e Attenuation of contaminants in the
subsurface, including  adsorption/
desorption reactions, ion exchange,
organic content of soil, soil water pH,
and consideration of possible reactions
causing chemical transformation or
chelation.

Biological Processes.

e Microbiological Degradation, which may
attenuate target compounds or cause
transformations of compounds,
potentially forming more toxic chemical
Species.

The alternative design section of Chapter
5.0 discusses these and other processes that
affect contaminant fate and solute transport.

When owners or operators prepare a no-
migration demonstration, they must use
predictions that are based on maximum
contaminant migration both from the unit
and through the subsurface media
Assumptions about variables affecting

transport should be biased toward over-
estimating transport and the anticipated
concentrations.  Assumptions and site
specific data that are used in the fate and
transport predictions should conform with
transport  principles and processes,
including adherence to mass-balance and
chemical equilibria limitations. Within
these physicochemical limitations,
assumptions should be biased toward the
objective of assessing the maximum
potential impact on human health and the
environment. The evaluation of site-
specific data and assumptions may include
some of the following approaches:

e Use of the upper bound of known aquifer
parameters and conditions that will
maximize contaminant transport (e.g.,
hydraulic ~ conductivity,  effective
porosity, horizontal and vertica
gradients), rather than average values

e Useof thelower range of known aquifer
conditions and parameters that tend to
attenuate or retard contaminant transport
(e.g., dispersivities, decay coefficients,
cation exchange capacities, organic
carbon  contents, and recharge
conditions), rather than average values

e Consideration of the cumulative impacts
on water quality, including both existing
water quality data and cumulative health
risks posed by hazardous constituents
likely to migrate from the MSWLF unit
and other potential or known sources.

A discussion of mathematical approaches
for evaluating contaminant or solute
transport is provided in Chapter 5.
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5.3 COMPLIANCE SCHEDULE
40 CFR § 258.50 (C)

5.3.1 Statement of Requlation*

*[INOTE: EPA finalized several revisions

to 40 CFR Part 258 on October 1, 1993
(58 ER 51536), and these revisions delay
the effective date for some categories of
landfills. More detail on the content of
the revisons is included in the
introduction.]

(c) Owners and operators of MSWLF
units must comply with the ground-water
monitoring requirements of this part

according to the following schedule unless

an alternative scheduleis specified under
paragraph (d):

(1) Existing MSWLF units and lateral
expansions less than one mile from a
drinking water intake (surface or
subsurface) must be in compliance with
the  ground-water monitoring
requirements specified in 88258.51 -
258.55 by October 9, 1994;

(2) Existing MSWLF units and lateral
expansions greater than one mile but less
than two miles from a drinking water
intake (surface or subsurface) must bein
compliance with the ground-water
monitoring requirements specified in
§8258.51 - 258.55 by October 9, 1995;

(3) Existing MSWLF units and lateral
expansions greater than two milesfrom a
drinking water intake (surface or
subsurface) must be in compliance with
the  ground-water monitoring
requirements specified in 88258.51 -
258.55 by October 9, 1996;

(4) New MSWLF units must be in
compliance with the ground-water
monitoring requirements specified in
88258.51 - 258.55 before waste can be
placed in the unit.

5.3.2 Applicability

The rule establishes a self-implementing
schedule for owners or operators in States
with programs that are deemed inadequate
or not yet approved. As indicated in the
Statement of Regulation, this schedule
depends on the distance of the MSWLF unit
from drinking water sources. Approved
States may specify an alternative schedule
under §258.50 (d), which is discussed in
Section 5.4.

Existing units and lateral expansions less
than one mile from a drinking water intake
must be in compliance with the ground-
water monitoring requirements by October
9, 1994. If the units are greater than one
mile but less than two miles from a drinking
water intake, they must be in compliance by
October 9, 1995. Those units located more
than two miles from adrinking water intake
must be in compliance by October 9, 1996
(see Table 5-1).

New MSWLF units, defined as units that
have not received waste prior to October 9,
1993, must be in compliance with these
requirements before receiving waste
regardless of the proximity to a water
supply intake.

5.3.3 Technical Considerations

For most facilities, these requirements will
become applicable 3 to 5 years after the
promulgation date of the rule. This period
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Table5-1. Compliance Schedule for Existing Unitsand L ateral Expansions
in Stateswith Unapproved Programs

Distance From Water Supply Intake

Time to Comply
From October 9, 1991

One mile or less 3Years
More than one mile but less than two 4 Years
miles

More than two miles 5Years

should provide sufficient time for the owner
or operator to conduct site investigation and
characterization studies to comply with the
requirements of 40 CFR 8258.51 through
§258.55. For those facilities closest to
drinking water intakes, the period provides
2 to 3 years to assess seasonal variability in
ground-water quality. A drinking water
intake includes water supplied to a user
from either a surface water or ground-water
source.

5.4 ALTERNATIVE COMPLIANCE
SCHEDULES
40 CFR 258.50 (d)(e) & (g)

5.4.1 Statement of Regulation

(d) The Director of an approved State
may specify an alternative schedule for
the owners or operators of existing
M SWLF units and lateral expansions to
comply  with  the ground-water
monitoring requirements specified in
8§8258.51 - 258.55. This schedule must
ensure that 50 percent of all existing
MSWLF units are in compliance by
October 9, 1994 and all existing M SWLF
unitsarein

compliance by October 9, 1996. In
setting the compliance schedule, the
Director of an approved State must
consider potential risks posed by the unit
to human health and the environment.
The following factors should be
considered in deter mining potential risk:
and

(1) Proximity of human

environmental receptors,
(2) Design of the M SWLF unit;
(3) Age of the MSWLF unit;
(4) The size of the MSWLF unit;

(5) Types and quantities of wastes
disposed, including sewage sludge; and

(6) Resource value of the underlying
aquifer, including:

(i)

(i1) Proximity and withdrawal rate of
users; and

Current and future uses;

(ili) Ground-water and

guantity.

guality
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(e) Once established at a MSWLF
unit, ground-water monitoring shall be
conducted throughout the activelife and
post-closur e care period of that MSWLF
unit as specified in §258.61.

(f) (See Section 5.5 for technical
guidance on qualifications of a ground-
water scientist.)

(9) The Director of an approved State
may establish alternative schedules for
demonstrating compliance with
§258.51(d)(2), pertaining to notification
of placement of certification in operating
record; 8 258.54(c)(1), pertaining to
notification that statistically significant
increase (SSI) notice is in operating
record; § 258.54(c)(2) and (3), pertaining
to an assessment monitoring program;
§ 258.55(b), pertaining to sampling and
analyzing Appendix Il constituents;
§258.55(d)(1), pertaining to placement of

notice (Appendix |1 constituents detected)

in record and notification of notice in
record; 8 258.55(d)(2), pertaining to
sampling for Appendix | and IlI;
§ 258.55(g), pertaining to notification
(and placement of noticein record) of SSI
above ground-water protection standard;
§ 258.55(g)(1)(iv) and § 258.56(a),
pertaining to assessment of corrective
measures, 8 258.57(a), pertaining to
selection of remedy and notification of
placement in record; 8§ 258.58(c)(4),
pertaining to notification of placement in
record (alternative corrective action
measur es); and § 258.58(f), pertaining to
notification of placement in record
(certification of remedy completed).

5.4.2 Applicability

The Director of an approved State may
establish an alternative schedule for
requiring owners/operators of existing units
and lateral expansions to comply with the
ground-water monitoring requirements.
The alternative schedule is to ensure that at
least fifty percent of all existing MSWLF
units within a given State are in compliance
by October 9, 1994 and that all unitsarein
compliance by October 9, 1996.

In establishing the alternative schedule, the
Director of an approved State may use site-
specific information to assess the relative
risks posed by different waste management
units and will alow priorities to be
developed at the State level. This site-
specific information (e.g., proximity to
receptors, proximity and withdrawal rate of
ground-water users, waste quantity, type,
containment design and age) should enable
the Director to assess potentia risk to the
uppermost aquifer. The resource value of
the aquifer to be monitored (e.g., ground-
water quality and quantity, present and
future uses, and withdrawal rate of ground-
water users) also may be considered.

Once ground-water monitoring has been
initiated, it must continue throughout the
active life, closure, and post-closure care
periods. The post-closure period may last
up to 30 years or more after the MSWLF
unit hasreceived afinal cover.

In addition to establishing alternative
schedules for compliance with ground-
water monitoring requirements, the Director
of an approved State may establish
alternative schedules for certain
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sampling and analysis requirements of
§8258.54 and 258.55, as well as corrective
action requirements of 88258.56, 258.57,
and 258.58. See Table 5-2 for a summary
of notification requirements for which
approved States may establish alternative
schedules.

5.4.3 Technical Considerations

The rule allows approved States flexibility
in establishing alternate ground-water
monitoring compliance schedules. In
setting an alternative schedule, the State
will consider potential impacts to human
health and the environment. Approved
States have the option to address MSWLF
units that have environmental problems
immediately. In establishing alternative
schedules for installing ground-water
monitoring systems

at existing MSWLF units, the Director of an
approved State may consider information
including the age and design of existing
facilities. Using thistype of information, in
conjunction with aknowledge of the wastes
disposed, the Director should be able to
gualitatively assess or rank facilities based
on their risk to local ground-water
resources.

55 QUALIFICATIONS
40 CFR 258.50 (f)

5.5.1 Statement of Reqgulation

(f) For the purposes of this Subpart, a
gualified ground-water scientist is a
scientist or engineer who hasreceived a
baccalaureate or post-graduate degreein

Table5-2. Summary of Notification Requirements

) | o s (oW
2SO | e o
§258.55(d)(1) ggnc;?{ur;?]tgication period after detection of Appendix |1
§258.57(a) #4 e(ajsgr Qstification period after selection of corrective
§258.58(c)(4) #4eg§lyj/r2:tification period prior to implementing alternative
§258.58(f) iﬁddggrgﬁtgzi/tigrwgriod after remedy has been completed
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the natural sciences or engineering and
has sufficient training and experiencein
ground-water hydrology and related
fields as may be demonstrated by State
registration, professional certifications,
or completion of accredited university
programs that enable that individual to
make sound professional judgements
regarding ground-water monitoring,
contaminant fate and transport, and
corrective action.

5.5.2 Applicability

The qualifications of a ground-water

scientist are defined to ensure that

professionals of appropriate capability and

judgement are consulted when required by

the Criteria. The ground-water scientist

must possess the fundamental education and
experience necessary to evaluate ground-

water flow, ground-water monitoring

systems, and ground-water monitoring

techniques and methods. A ground-water

scientist must understand and be able to

apply methods to solve solute transport

problems and evaluate ground-water

remedial technologies. Hisor her education
may include undergraduate or graduate
studies in hydrogeology, ground-water

hydrology, engineering hydrology, water

resource engineering, geotechnical

engineering, geology, ground-water

modeling/ground-water computer modeling,
and other aspects of the natural sciences.

The qualified ground-water scientist must

have a college degree but need not have
professional certification, unless required at
the State or Tribal level. Some
States/Tribes may have certification

programs for ground-water scientists;

however, there are no recognized Federal

certification programs.

5.5.3 Technical Considerations

A qualified ground-water scientist must
certify work performed pursuant to the
following provisions of the ground-water

monitoring and  corrective  action
requirements:
e NoO potential for migration

demonstration (8258.50(b))

e Specifications concerning the number,
spacing, and depths of monitoring wells
(8258.51(d))

e Determination that contamination was
caused by another source or that a
statistically significant increase resulted
from an error in sampling, analysis, or
evaluation (88258.54 (¢)(3) and 258.55
(9)(2))

e Determination that compliance with a
remedy requirement is not technically
practicable (§258.58(c)(1))

e Completion of remedy (8258.58(f)).

The owner or operator must determine that
the professional qualifications of the
ground-water specialist are in accordance
with the regulatory definition. In general, a
certification is a signed document that
transmits some finding (eg., that

monitoring wells were installed according
to acceptable practices and standards at
locations and depths appropriate for a given
facility). The certification must be placed

in the operating record of the facility, and
the State Director must be notified that the
certification has been made. Specific
details of these certifications will be
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addressed in the order in which they appear
in this guidance document.

Many State environmental regulatory
agencies have ground-water scientists on
staff. The owner or operator of a MSWLF
unit or facility is not necessarily required to
obtain certification from an independent
(e.g., consulting) ground-water scientist and
may, if agreed to by the Director in an
approved State, obtain approval by the
Director in lieu of certification by an
outside individual.

5.6 GROUND-WATER
MONITORING SYSTEMS
40 CFR §258.51 (a)(b)(d)

5.6.1 Statement of Regulation

(a) A ground-water monitoring system
must be installed that consists of a
sufficient number of wells, installed at
appropriate locations and depths, to yield
ground-water samples from the upper-
most aquifer (as defined in 8258.2) that:

(1) Represent the quality of background
ground water that has not been affected
by leakage from a unit. A determination
of background quality may include
sampling of wells that are not
hydraulically upgradient of the waste
management area where:

(i) Hydrogeologic conditions do not
allow the owner or operator to determine
what wells are hydraulically upgradient;
or

(i) Sampling at other wellswill provide
an indication of background ground-
water quality that is asrepresentative or
more

representative than that provided by the
upgradient wells; and

(2) Represent the quality of ground
water passing the relevant point of
compliance specified by the Director of
an approved State under 8258.40(d) or at
the waste management unit boundary in
unapproved States. The downgradient
monitoring system must be installed at
therelevant point of compliance specified
by the Director of an approved State
under 8258.40(d) or at the waste
management  unit boundary in
unapproved Statesthat ensures detection
of ground-water contamination in the
uppermost aquifer. When physical
obstacles precludeinstallation of ground-
water monitoring wells at the relevant
point of compliance at existing units, the
down-gradient monitoring system may be
installed at the closest practicable
distance hydraulically down-gradient
from therelevant point of compliance or
specified by the Director of an approved
State under 8258.40 that ensures
detection of ground-water contamination
in the uppermost aquifer.

(b) The Director of an approved State
may approve a multi-unit ground-water
monitoring system instead of separate
ground-water monitoring systems for
each MSWLF unit when the facility has
several units, provided the multi-unit
ground-water monitoring system meets
the requirement of 8258.51(a) and will be
as protective of human health and the
environment as individual monitoring
systems for each MSWLF unit, based on
the following factors:

(1) Number, spacing, and orientation of
the MSWLF units,
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(2) Hydrogeologic setting;
(3) Site history;

(4) Engineering design of the MSWLF
units; and

(5 Type of waste accepted at the
MSWLF units.

(c) (See Section 5.7 for technical
guidance on monitoring well design and
construction.)

(d) Thenumber, spacing, and depths of
monitoring systems shall be:

(1) Determined based upon site-specific
technical information that must include
thorough characterization of:

(i) Aquifer thickness, ground-water
flow rate, ground-water flow direction
including seasonal and temporal
fluctuationsin ground-water flow; and

(i) Saturated and unsaturated
geologic unitsand fill materials overlying
the uppermost aquifer, materials
comprising the uppermost aquifer, and
materials comprising the confining unit
defining the lower boundary of the
uppermost aquifer; including, but not
limited to: thicknesses, stratigraphy,
lithology, hydraulic conductivities,
porosities and effective porosities.

(2) Certified by a qualified ground-
water scientist or approved by the

Director of an approved State. Within 14

days of this certification, the owner or
operator must notify the State Director
that the certification has been placed in
the operating record.

5.6.2 Applicability

The requirements for establishing a ground-
water monitoring system pursuant to
§258.51 apply to all new units, existing
units, and lateral expansions of existing
units according to the schedules identified
in 40 CFR 8258.50. A ground-water
monitoring system consists of both
background wells and wells located at the
point of compliance or waste management
unit boundary (i.e., downgradient wells).
The ground-water monitoring network must
be capable of detecting a release from the
MSWLF unit. A sufficient number of
monitoring wells must be located
downgradient of the unit and be screened at
intervalsin the uppermost aquifer to ensure
contaminant  detection. Generally,
upgradient wells are used to determine
background ground-water quality.

The downgradient wells must be located at
the relevant point of compliance specified
by the Director of an approved State, or at
the waste management unit boundary in
States that are not in compliance with
regulations. If existing physical structures
obstruct well placement, the downgradient
monitoring system should be placed as close
to the relevant point of compliance as
possible. Wellslocated at the relevant point
of compliance must be capable of detecting
contaminant releases from the MSWLF unit
to the uppermost aquifer. As discussed
earlier in the section pertaining to the
designation of a relevant point of
compliance (Section 4.4), the point of
compliance must be no greater than 150
meters from the unit boundary.

The Director of an approved State may
allow the use of a multi-unit ground-water
monitoring system. MSWLF unitsin
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States that are deemed not in compliance
with the regulations must have a monitoring
system for each unit.

A qualified ground-water scientist must
certify that the number, spacing, and depths
of the monitoring wells are appropriate for
the MSWLF unit. This certification must be
placed in the operating records. The State
Director must be notified within 14 days
that the certification was placed in the
operating record.

5.6.3 Technical Considerations

The objective of a ground-water monitoring
gystem isto intercept ground water that has
been contaminated by leachate from the
MSWLF unit. Early contaminant detection
is important to allow sufficient time for
corrective measures to be developed and
implemented before sensitive receptors are
significantly affected. To accomplish this
objective, the monitoring wells should be
located to sample ground water from the
uppermost aquifer at the closest practicable
distance from the waste management unit
boundary. An alternative distance that is
protective of human health and the
environment may be granted by the Director
of an approved State. Since the monitoring
program is intended to operate through the
post-closure period, the location, design,
and installation of monitoring wells should
address both existing conditions and
anticipated facility development, aswell as
expected changes in ground-water flow.

Uppermost Aquifer
Monitoring wells must be placed to provide

representative ground-water samples from
the uppermost aquifer. The uppermost

aquifer is defined in 8258.2 as "the geologic
formation nearest to the natural ground
surface that is an aquifer, as well as lower
aquifers that are hydraulically
interconnected with this aquifer within the
facility property boundary.” These lower
aquifers may be separated physically from
the uppermost aquifer by less permeable
strata (having a lower hydraulic
conductivity) that are often termed
aquitards. An aquitard is aless permeable
geologic unit or series of closely layered
units (e.g., silt, clay, or shale) that in itself
will not yield significant quantities of water
but will transmit water through its
thickness. Aquitards may include thicker
stratigraphic sequences of clays, shales, and
dense, unfractured crystalline rocks (Freeze
and Cherry, 1979).

To be considered part of the uppermost
aquifer, alower zone of saturation must be
hydraulically connected to the uppermost

aquifer within the facility property
boundary.  Generally, the degree of
communication between aquifers is

evaluated by ground-water pumping tests.
Methods have been devised for use in
analyzing aquifer test data. A summary is
presented in Handbook: Ground Water,
Vol. Il (USEPA, 1991). The following
discussions under this section (5.6.3) should
assist the owner or operator in
characterizing the uppermost aquifer and
the hydrogeology of the site.

Determination of Background Ground-
Water Quality

The goal of monitoring-well placement isto
detect changes in the quality of ground
water resulting from a release from the
MSWLF unit.  The natural chemical
composition of ground water is controlled
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primarily by the mineral composition of the
geologic unit comprising the aquifer. As
ground water moves from one geologic unit
to another, its chemical composition may
change. To reduce the probability of
detecting naturally occurring differencesin
ground-water quality between background
and downgradient locations, only ground-
water samples collected from the same
geologic unit should be compared.

Ground-water quality in areas where the
geology is complex can be difficult to
characterize. Asaresult, therule allowsthe
owner or operator flexibility in determining
where to locate wells that will be used to
establish background water quality.

If the facility is new, ground-water samples
collected from both upgradient and
downgradient locations prior to waste
disposal can be used to establish background
water quality. The sampling should be
conducted to account for both seasonal and
gpatial variability in ground-water quality.

Determining background ground-water
quality by sampling wells that are not
hydraulically upgradient may be necessary
where hydrogeologic conditions do not
allow the owner or operator to determine
which wells are hydraulically upgradient.
Additionally, background ground-water
quality may be determined by sampling
wells that provide ground-water samples as
representative or more representative than
those provided by upgradient wells. These
conditions include the following:

e The facility is located above an aquifer
in which ground-water flow directions
change seasonally.

The facility is located near production
wells that influence the direction of
ground-water flow.

e Upgradient ground-water quality is
affected by a source of contamination
other than the MSWLF unit.

e The proposed or existing landfill
overlies a ground-water divide or local
source of recharge.

Geologic units present at downgradient
locations are absent at upgradient
locations.

o Karst terrain or fault zones modify flow.

Nearby surface water influences ground-
water flow directions.

Waste management areas are located
close to a property boundary that is
upgradient of the facility.

Multi-Unit Monitoring Systems

A multi-unit ground-water monitoring
system does not have wells at individual
MSWLF unit boundaries. Instead, an
imaginary line is drawn around all of the
units at the facility. (See Figure 5-1 for a
comparison of single unit and multi-unit
systems.) Thisline constitutes the relevant
point of compliance. The option to
establish a multi-unit monitoring system is
restricted to facilities located in approved
States. A multi-unit system must be
approved by the Director of an approved
State after consideration has been given to
the:

e Number, spacing, and orientation of the
MSWLF units




Figure 5-1. Comparison of Single Unit and Multi-Unit M onitoring System
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Hydrogeol ogic setting

Site history

Engineering design of the MSWLF units

Type of wastes accepted at the facility.

The purpose of a multi-unit system is to

reduce the number of monitoring wells that

can provide the same information. The

conceptual design of the multi-unit system

should consider the use and management of

the facility with respect to anticipated unit

locations. In some cases, it may be possible
to justify areduction in the number of wells
If the waste management units are aligned

along the same flow path in the ground-

water system.

The multi-unit monitoring system must
provide a level of protection to human
health and the environment that is
comparable to monitoring individual units.
The multi-unit system should allow
adequate time after detection of
contamination to develop and implement
corrective measures before sensitive
receptors are adversely affected.

Hydr ogeological Characterization

Adequate  monitoring-well  placement
depends on collecting and evaluating
hydrogeological information that can be
used to form a conceptual model of the site.
The goal of a hydrogeological investigation
isto acquire site-specific data concerning:

e The lateral and vertical extent of the
uppermost aquifer

e The lateral and vertical extent of the
upper and lower confining units/layers

e The geology at the owner's/operator's
facility (e.g, stratigraphy, lithology, and
structural setting)

e The chemical properties of the
uppermost aquifer and its confining
layers relative to local ground-water
chemistry and wastes managed at the
facility

e Ground-water flow, including:

- The vertical and horizontal directions
of ground-water flow in the uppermost
aquifer

- The  vertica and horizontal
components of the hydraulic gradient
in the uppermost and any hydraulically
connected aquifer

- The hydraulic conductivities of the
materials that comprise the upper-most
aquifer and its confining units/layers

- The average linear horizontal velocity
of ground-water flow in the uppermost
aquifer.

The elements of a program to characterize
the hydrogeology of a site are discussed
briefly in the sections that follow and are
addressed in more detail in "RCRA Ground-
Water Monitoring: Draft Technical
Guidance" (USEPA, 1992a).

Prior to initiating afield investigation, the
owner or operator should perform a
preliminary investigation. The preliminary
investigation will involve reviewing all
available information about the site, which
may consist of:
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e Information on the waste management
history of the site, including:

- A chronological history of the site,
including descriptions of wastes
managed on-site

- A summary of documented releases

- Details on the structural integrity of
the MSWLF unit and physical controls
on waste migration

e A literature review, including:

- Reports of research performed in the
area of the site

- Journal articles

- Studies and reports available from
local, regional, and State offices (e.g.,
geologic surveys, water boards, and
environmental agencies)

- Studies available from Federal offices,
such as USGS or USEPA
file  searches,

e [nformation from

including:

- Reports of previous investigations at
the site

- Geological and environmental
assessment data from State and Federal
reports.

The documentation itemized above is by no
means a complete listing of information
available for a preliminary investigation.
Many other sources of hydrogeological
information may be available for review
during the preliminary investigation.

Characterizing Site Geology

After the preliminary investigation is
complete, the owner/operator will have
information that he/she can use to develop a
plan to characterize site hydrogeology
further.

Nearly all hydrogeological investigations
include a subsurface boring program. A
boring program is necessary to define site

hydrogeology and the small-scale geology
of the area beneath the site. The program
usually requires more than one iteration.
The objective of the initial boreholes is to
refine the conceptual model of the site
derived from the preliminary investigation.

The subsurface boring program should be
designed as follows:

e Theinitial number of boreholes and their
spacing is based on the information
obtained during the preliminary
investigation.

e Additional boreholes should be installed
as needed to provide more information
about the site.

e Samples should be collected from the
borings at changes in lithology. For
boreholes that will be completed as
monitoring wells, at least one sample
should be collected from the interval that
will be the screened interval. Boreholes
that will not be completed as monitoring
wells must be properly decommissioned.

Geophysical techniques, cone penetrometer
surveys, mapping programs, and laboratory
analyses of borehole samples can be used to
plan and supplement the subsurface boring
program. Downhole geophysical techniques
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include electric, sonic, and nuclear logging.
Surface geophysical techniques include
seismic reflection and refraction, as well as
electromagnetic induction and resistivity.

The data obtained from the subsurface
boring program should enable the owner or
operator to identify:

e Lithology, soil types, and stratigraphy

e Zones of potentially high hydraulic
conductivity

e The presence of confining formations or
layers

e Unpredicted geologic features, such as
fault zones, cross-cutting structures, and
pinch-out zones

e Continuity of petrographic features, such
as sorting, grain size distribution, and
cementation

e The potentiometric surface or water
table.

Characterizing Ground-Water Flow

Beneath the Site

In addition to characterizing site geology,
the owner/operator should characterize the
hydrology of the uppermost aquifer and its
confining layer(s) at the site. The owner or
operator should install wells and/or
piezometers to assist in characterizing site
hydrology. The owner/operator should
determine and assess:

e Thedirection(s) and rate(s) of ground-
water flow (including both horizontal
and vertical components of flow)

e Seasonal/temporal, natural, and
artificially induced (e.g., off-site
production well-pumping, agricultural
use) short-term and long-term
variations in ground-water elevations
and flow patterns

e The hydraulic conductivities of the
dratigraphic units at the site, including
vertical hydraulic conductivity of the
confining layer(s).

Determining  Ground-Water Flow
Direction and Hydraulic Gradient

Installing monitoring wells that will provide
representative background and
downgradient water samples requires a
thorough understanding of how ground
water flows beneath asite. Developing such
an understanding requires obtaining
information regarding both ground-water
flow direction(s) and hydraulic gradient.
Ground-water flow direction can be thought
of as the idealized path that ground-water
follows as it passes through the subsurface.
Hydraulic gradient (i) is the change in static
head per unit of distance in a given
direction. The static head is defined as the
height above a standard datum of the surface
of a column of water (or other liquid) that
can be supported by the static pressure at a
given point (i.e., the sum of the elevation
head and pressure head).

To determine ground-water flow directions
and hydraulic gradient, owners and
operators should develop and implement a
water level-monitoring program. This
program should be structured to provide
precise water level measurements in a
sufficient number of piezometers or wells at
a sufficient frequency to gauge both
seasonal average flow directions and
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temporal fluctuations in ground-water flow
directions. Ground-water flow direction(s)
should be determined from water levels
measured in wells screened in the same
hydro-stratigraphic position. In
heterogeneous geologic settings (i.e.,
settings in  which the hydraulic
conductivities of the subsurface materials
vary with location in the subsurface), long
well screens can intercept stratigraphic
horizons with different (e.g., contrasting)
ground-water flow directions and different
heads. In this situation, the resulting water
levels will not provide the depth-discrete
head measurements required for accurate
determination of the ground-water flow
direction.

In addition to evaluating the component of
ground-water flow in the horizontal
direction, a program should be undertaken
to assess the vertical component of ground-
water flow. Vertical ground-water flow
information should be based, at least in part,
on field data from wells and piezometers,
such as multi-level wells, piezometer
clusters, or multi-level sampling devices,
where appropriate. The following sections
provide acceptable methods for assessing
the vertical and horizontal components of
flow at a site.

Ground-Water L evel M easurements

To determine ground-water flow directions
and ground-water flow rates, accurate water
level measurements (measured to the nearest
0.01 foot) should be obtained. Section 5.8
delineates procedures for obtaining water
level measurements. At facilitieswhereitis
known or plausible that immiscible
contaminants (i.e., non-agqueous phase
liquids (NAPLS)) occur (or are determined
to be potentially present after considering

the waste types managed at the facility) in
the subsurface at the facility, both the
depth(s) to the immiscible layer(s) and the
thickness(es) of the immiscible layer(s) in
the well should be recorded.

For the purpose of measuring total head,
piezometers and wells should have as short
a screened interval as  possible.
Specifically, the screens in piezometers or
wells that are used to measure head should
generally be less than 10 feet long. In
circumstances including the following, well

screens longer than 10 feet may be
warranted:
e Natural water level fluctuations

necessitate alonger screen length.

e The interval monitored is slightly
greater than the appropriate screen
length (e.g., the interval monitored is
12 feet thick).

e Theaquifer monitored is homogeneous
and extremely thick (e.g., greater than
300 feet); thus, alonger screen (e.g., a
20-foot screen) represents a fairly
discrete interval.

The head measured in a well with a long
screened interval is afunction of all of the
different heads over the entire length of the
screened interval. Care should be taken
when interpreting water levels collected
from wells that have long screened intervals
(e.g., greater than 10 feet).

The water-level monitoring program should
be structured to provide precise water level

measurements in a sufficient number of
piezometers or wells a a sufficient
frequency to gauge both seasonal average
flow directions and temporal fluctuationsin
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ground-water  flow directions. The
owner/operator should determine and assess
seasonal/temporal, natural, and artificially

induced (e.g., off-site production well-

pumping, agricultural use) short-term and

long-term variations in ground-water

elevations, ground-water flow patterns, and
ground-water quality.

Establishing Horizontal Flow Direction
and the Horizontal Component of
Hydraulic Gradient

After the water level data and measurement
procedures are reviewed to determine that
they are accurate, the data should be used
to:

e Construct potentiometric surface maps
and water table maps based on the
distribution of total head. The data
used to develop water table maps
should be from piezometers or wells
screened across the water table. The
data used to develop potentiometric
surface maps should be from
piezometers or wells screened at
approximately the same elevation in
the same hydrostratigraphic unit;

e Determine the horizontal direction(s)
of ground-water flow by drawing flow
lines on the potentiometric surface map
or water table map (i.e., construct a
flow net);

e Calculate value(s) for the horizontal
and vertical components of hydraulic
gradient.

Methods for constructing potentiometric
surface and water table maps, constructing
flow nets, and determining the direction(s)
of ground-water flow are provided by

USEPA (1989c) and Freeze and Cherry
(1979). Methods for calculating hydraulic
gradient are provided by Heath (1982) and
USEPA (1989c).

A potentiometric surface or water table map
will give an approximate idea of general
ground-water flow directions. However, to
locate monitoring wells properly, ground-
water flow direction(s) and hydraulic
gradient(s) should be established in both the
horizontal and vertical directions and over
time at regular intervals (e.g., over al-year
period at 3-month intervals).

Establishing Vertical Flow Direction and
the Vertical Component of Hydraulic
Gradient

To make an adequate determination of the
ground-water flow directions, the vertical
component of ground-water flow should be
evaluated directly. This generally requires
the installation of multiple piezometers or
wellsin clusters or nests, or the installation
of multi-level wells or sampling devices. A
piezometer or well nest is a closely spaced
group of piezometers or wells screened at
different depths, whereas a multi-level well
IS a single device. Both piezometer/well
nests and multi-level wells allow for the
measurement of vertical variations in
hydraulic head.

When reviewing data obtained from
multiple placement of piezometers or wells

in single boreholes, the construction details
of the well should be carefully evaluated.
Not only is it extremely difficult to seal
several piezometers/wells at discrete depths
within a single borehole, but sealant
materials may migrate from the seal of one
piezometer/well to the screened interval of
another piezometer/well. Therefore, the
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design of a piezometer/well nest should be

considered carefully. Placement of

piezometers/wells in closely spaced

boreholes, where piezometers/wells have

been screened at different, discrete depth

intervals, is likely to produce more accurate
information. The primary concerns with the
installation of piezometers/wellsin closely

spaced, separate boreholes are: 1) the

disturbance of geologic and soil materials

that occurs when one piezometer isinstalled
may be reflected in the data obtained from

another piezometer located nearby, and 2)

the analysis of water levels measured in

piezometers that are closely spaced, but

separated horizontally, may produce

Imprecise information regarding the vertical
component of ground-water flow. The

limitations  of installing multiple

piezometers either in single or separate

boreholes may be overcome by the

installation of single multi-level monitoring
wells or sampling devices in single

boreholes. The advantages and

disadvantages of these types of devices are

discussed by USEPA (1989f).

The owner or operator should determine the
vertical direction(s) of ground-water flow
using the water levels measured in multi-
level wells or piezometer/well nests to
construct flow nets. Flow nets should depict
the piezometer/well depth and length of the
screened interval. It isimportant to portray
the screened interval accurately on the flow
net to ensure that the piezometer/well is
actually monitoring the desired
water-bearing unit. A flow net should be
developed from information obtained from
piezometer/ well clusters or nests screened
at different, discrete depths. Detailed
guidance for the construction and evaluation
of flow netsin cross section (vertical flow
nets) is provided by USEPA (1989c).

Further information can be obtained from
Freeze and Cherry (1979).

Deter mining Hydraulic Conductivity

Hydraulic conductivity is a measure of a
material's ability to transmit water.
Generally, poorly sorted silty or clayey
materials have low hydraulic conductivities,
whereas well-sorted sands and gravels have
high hydraulic conductivities. An aguifer
may be classified as either homogeneous or
heterogeneous and either isotropic or
anisotropic according to the way its
hydraulic conductivity variesin space. An
aquifer is homogeneous if the hydraulic
conductivity is independent of location
within the aquifer; it is heterogeneous if
hydraulic conductivities are dependent on
location within the aquifer. If the hydraulic
conductivity is independent of the direction
of measurement at a point in a geologic
formation, the formation is isotropic at that
point. If the hydraulic conductivity varies
with the direction of measurement at a
point, the formation is anisotropic at that
point.

Determining Hydraulic Conductivity
Using Field M ethods

Sufficient aguifer testing (i.e, field
methods) should be performed to provide
representative estimates of hydraulic
conductivity. Acceptable field methods
include conducting aquifer tests with single
wells, conducting aquifer tests with multiple
wells, and using flowmeters. This section
provides brief overviews of these methods,
including two methods for obtaining
vertically discrete  measurements  of
hydraulic conductivity. The identified
references provide detailed descriptions of
the methods summarized in this section.
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A commonly used test for determining
horizontal hydraulic conductivity with a
single well is the slug test. A slug test is
performed by suddenly adding, removing,
or displacing a known volume of water from
a well and observing the time that it takes
for the water level to recover to its original
level (Freeze and Cherry, 1979). Similar
results can be achieved by pressurizing the
well casing, depressing the water level, and
suddenly releasing the pressure to simulate
the removal of water from the well. In most
cases, EPA recommends that water not be
introduced into wells during aquifer tests to
avoid altering ground-water chemistry.
Single-well tests are limited in scope to the
area directly adjacent to the well screen.
The vertical extent of the well screen
generally defines the part of the geologic
formation that is being tested.

A modified version of the slug test, known
as the multilevel slug test, is capable of
providing depth-discrete measurements of
hydraulic conductivity. The drawback of
the multilevel slug test is that the test relies
on the ability of the investigator to isolate a
portion of the aquifer using a packer.
Nevertheless, multilevel slug tests, when
performed properly, can produce reliable
measurements of hydraulic conductivity.

Multiple-well tests involve withdrawing
water from, or injecting water into, one
well, and obtaining water level
measurements over time in observation
wells. Multiple-well tests are often
performed as pumping tests in which water
is pumped from one well and drawdown is
observed in nearby wells. A step-drawdown
test should precede most pumping tests to
determine an appropriate discharge rate.
Aquifer tests conducted with wells screened
in the same water-bearing zone can be used

to provide hydraulic conductivity data for
that zone. Multiple-well tests for hydraulic
conductivity  characterize a greater
proportion of the subsurface than single-
well tests and, thus, provide average values
of hydraulic conductivity. Multiple-well
tests require measurement of parameters
similar to those required for single-well
tests (e.g., time, drawdown). When using
aquifer test data to determine aguifer
parameters, it isimportant that the solution
assumptions can be applied to dte
conditions. Aquifer test solutions are
avalable for a wide \variety of
hydrogeol ogic settings, but are often applied
incorrectly by inexperienced persons.
Incorrect assumptions regarding
hydrogeology (e.g., aquifer boundaries,
aquifer lithology, and aquifer thickness)
may translate into incorrect estimations of
hydraulic conductivity. A qualified ground-
water scientist with experience in designing
and interpreting aquifer tests should be
consulted to ensure that aquifer test solution
methods fit the hydrogeologic setting.
Kruseman and deRidder (1989) provide a
comprehensive discussion of aguifer tests.

Multiple-well tests conducted with wells
screened in different water-bearing zones
furnish information concerning hydraulic
communication among the zones. Water
levels in these zones should be monitored
during the aquifer test to determine the type
of aquifer system (e.g., confined,
unconfined, semi-confined, or semi-
unconfined) beneath the site, and their
leakance (coefficient of leakage) and
drainage factors (Kruseman and deRidder,
1989). A multiple-well aquifer test should
be considered at every site as a method to
establish the vertical extent of the
uppermost aquifer and to evaluate hydraulic
connection between aquifers.
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Certain aquifer tests are inappropriate for
use in karst terrains characterized by a
well-developed conduit flow system, and
they also may be inappropriate in fractured
bedrock. When a well located in a karst
conduit or a large fracture is pumped, the
water level in the conduit islowered. This
lowering produces a drawdown that is not
radial (as in a granular aquifer) but is
instead a trough-like depression parallel to
the pumped conduit or fracture. Radial flow
equations do not apply to drawdown data
collected during such a pump test. This
means that a conventional semi-log plot of
drawdown versus time is inappropriate for
the purpose of determining the aquifer's
transmissivity and storativity. Aquifer tests
in karst aquifers can be useful, but valid
determinations of hydraulic conductivity,
storativity, and transmissivity may be
impossible. However, an aquifer test can
provide information on the presence of
conduits, on storage characteristics, and on
the percentage of Darcian flow. McGlew
and Thomas (1984) provide a more detailed
discussion of the appropriate use of aquifer
tests in fractured bedrock and on the
suitable interpretation of test data. Dye
tracing also is used to determine the rate and
direction of ground-water flow in karst
settings (Section 5.2.4).

Several additional factors should be
considered when planning an aquifer test:

e Owners and operators should provide
for the proper storage and disposal of
potentially contaminated ground water
pumped from the well system.

e Owners and operators should consider
the potential effects of pumping on
existing plumes of contaminated
ground water.

e In designing aquifer tests and
interpreting aquifer test data,
owners/operators should account and
correct for seasonal, temporal, and
anthropogenic  effects on the
potentiometric surface or water table.
This is usually done by installing
piezometers outside the influence of
the stressed aquifer. These
piezometers should be continuously
monitored during the aquifer test.

e Ownersand operators should be aware
that, in a very high hydraulic
conductivity aquifer, the screen size
and/or filter pack used in the test well
can affect an aquifer test. If a very
small screen size is used, and the pack
is improperly graded, the test may
reflect the characteristics of the filter
pack, rather than the aquifer.

e EPA recommends the use of a step-
drawdown test to provide a basis for
selecting discharge rates prior to
conducting a full-scale pumping test.
Thiswill ensure that the pumping rate
chosen for the subsequent pumping
test(s) can be sustained without
exceeding the available drawdown of
the pumped wells. In addition, this test
will produce a measurable drawdown
in the observation wells.

Certain flowmeters recently have been
recognized for their ability to provide
accurate and vertically discrete
measurements of hydraulic conductivity.
One of these, the impeller flowmeter, is
available commercially. More sensitive
types of flowmeters (i.e., the heat-pulse
flowmeter and electromagnetic flowmeter)
should be available in the near future. Use
of the impeller flowmeter requires running
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a caliper log to measure the uniformity of
the diameter of the well screen. Thewell is
then pumped with a small pump operated at
a constant flow rate. The flowmeter is
lowered into the well, and the discharge rate
is measured every few feet by raising the
flowmeter in the well. Hydraulic
conductivity values can be calculated from
the recorded data using the Cooper-Jacob
(1946) formula for horizontal flow to a
well. Use of the impeller flowmeter is
limited at sites where the presence of low
permeability materials does not allow
pumping of the wells at rates sufficient to
operate the flowmeter. The application of
flowmeters in the measure of hydraulic
conductivity is described by Molz et al.
(1990) and Molz et al. (1989).

Determining Hydraulic Conductivity
Using Laboratory M ethods

It may be beneficial to use laboratory
measurements of hydraulic conductivity to
augment the results of field tests. However,
field methods provide the best estimates of
hydraulic conductivity in most cases.
Because of the limited sample size,
laboratory tests can fail to account for
secondary porosity features, such as
fractures and joints, and hence, can greatly
underestimate overall aquifer hydraulic
conductivities. Laboratory tests may
provide valuable information about the
vertical component  of hydraulic
